ABSTRACT. The study aims were (1) to confirm the effects of nutritional improvement in prepartal and postpartal periods, monitored using the serum metabolic profile test (MPT) and reproductive performance, and (2) to clarify regional characteristics of the MPT results within our jurisdiction by using our MPT database. Experiment 1: Among 42 breeding cattle herds in our jurisdiction mainly fed home-pasture roughage, 3 experimental herds showing subnormal blood urea nitrogen (BUN) levels were selected and compared with 1 representative excellent herd. Dietary remedial measures were implemented from feed analysis in each herd. BUN concentration in all 3 herds increased significantly, and open days postpartum in 2 of the herds were significantly reduced, compared with values before dietary supplementation. Experiment 2: Thirty-seven herds within our jurisdiction were grouped into 3 categories (Area 1, 2 and 3) by location and soil condition of the herd pastureland. The MPT and reproductive performance in cows whose blood samples were collected at both prepartum (60-20 days before calving) and postpartum (30-90 days after calving) were compared among the 3 areas. Significant regional differences were found in prepartal albumin, total cholesterol, BUN, and glucose and postpartal BUN, glucose and open days (P<0.05). Overall, the MPT (especially BUN) might be useful for determining the metabolic nutritional status of breeding cattle herds, particularly those fed home-pasture roughage. Additionally, poor/unsatisfactory reproductive performance of beef breeding cattle herds probably reflects inadequate nutritional content of the diet, possibly arising from regional pastureland differences.
For optimal beef breeder production, a calving interval of 1 year must be maintained. Thus, the first postpartum estrus must occur within 80 to 85 days after parturition, and this is closely associated with the postpartum interval to first ovulation [19] . Several factors, such as the extent of calf suckling, reproductive failure, genetic variation and level of maternal nutrient intake, affect postpartum reproductive performance of beef cows [15, 16, 18] . Among them, one of the major factors contributing to a prolonged calving to conception interval is inadequate nutrition, which often causes subclinical and/or clinical metabolic diseases [3, 10] . Prepartal and postpartal nutritional statuses are also related to the interval between calving and first ovulation in beef cattle [10] . Thus, it was assumed that certain metabolic parameters, which might reflect the energy and protein status of cows during prepartum and postpartum, would be associated with reproductive performance of breeding cattle herds.
Payne et al. [11] first established the metabolic profile as a tool for assessing metabolic status and aiding the diagnosis of metabolic disorders in dairy herds, and currently the metabolic profile is considered an extremely useful tool for objective nutritional evaluation in dairy herds in Japan [5] . Though some researchers have indicated that the results of the metabolic profile test (MPT) such as total cholesterol (T-Cho) and blood urea nitrogen (BUN) determined from serum biochemical analysis may be used to improve feeding management, detect subclinical health problems, and prevent production problems of the Japanese Black breeding herds [9, 22] , its practical application has mainly focused on the management of dairy cattle. This may be due to the lack of reference values for each metabolite based on blood biochemical data derived from a reliable number of samples and/or the wide variations in feeding management among herds in the same region/locality, which could ultimately affect the results of the MPT. On the other hand, in rural areas of Japan, such as in the study area included in the current study (the Osumi Peninsula, Kagoshima Prefecture, Japan), most of the breeding beef cattle herds are fed hays collected from their home pastureland. Recently, the importance of this beef-forage production system of Japanese Black cattle has been re-recognized, because it contributes to improved nutrient utilization (ecological aspect) and reduced cost of commercial feeds (economical aspect) [17, 20] . However, no evaluative study has been conducted to investigate the nutritional adequacy of forage collected from the home pastureland. Therefore, it was hypothesized that the MPT might be useful for detecting nutritional inadequacies reflected as subclinical metabolic and reproductive disorders in the respective herds.
Recently, during our routine assessments of metabolic profiles of farms in our jurisdiction, we detected one herd in which all reared cows exhibited abnormal BUN levels (mean, 2.2 mg/dl; range, 1.6-4.0 mg/dl) without any clinical symptoms. It was hypothesized that this observation might be due to crude protein (CP) deficiency in the roughage [21] . Therefore, regional differences of the MPT due to nutritional quality of fed roughage harvested from the home pastureland were assumed to exist.
In the present study, to confirm the result of our previous report [21] with the inclusion of additional herds, the effect of nutritional improvement on the prepartal and postpartal MPTs and reproductive performance in each herd was evaluated. Furthermore, we used our database to evaluate the metabolic profile of the herds according to their location in our jurisdiction-Kanoya, Soo and Shibushi Cities; Kagoshima Prefecture; Japan.
MATERIALS AND METHODS

Experiment 1-Evaluation of the usefulness of metabolic profiles for breeding herd management: Animals and herds.
Private Japanese Black breeding herds under the jurisdiction of Soo Veterinary Clinical Center, Soo Agriculture Mutual Aid Association, Kagoshima Prefecture, Japan, were identified for this study. From our database, the metabolic profiles of 42 Japanese Black breeding cattle herds collected from June 2010 through May 2012 were evaluated. The cows of all herds were mainly fed roughage harvested from the home pasture of each herd and available commercial concentrates supplemented with certain vitamins and minerals. We previously reported the usefulness of metabolic profiles in 1 herd in which all reared cows exhibited abnormally low BUN levels [21] . Therefore, in the present investigation, to validate the results of our MPT system, we selected 3 herds (experimental herds) in which the metabolic profile, particularly BUN concentration and reproductive performance, such as number of open days postpartum and frequency of treatments for reproductive disorders, were suggestive of subclinical metabolic disorder during the sampling period. Additionally, 1 herd was selected as a representative model of herd excellence on the basis of the same selection parameters for comparison with the experimental herds. These herds were located in the same area (Soo City, Kagoshima Prefecture) and selected on the basis of standard normal reference ranges for the serum biochemical parameters [13] .
Blood sampling and serum biochemical analysis of metabolic parameters. In all cases, blood sampling and serum biochemical analysis were conducted according to our previous study protocol [21] , which depended on herd size. All cows were sampled in herds in which less than 20 cows were fed, while approximately 10 cows were samples from each of the prepartal and postpartal periods in herds in which more than 20 cows were fed. Briefly, blood samples were collected from the jugular vein of selected cows of each herd after morning feeding, and serum was separated within 2 hr after collection and stored in a refrigerator until processing. Biochemical analysis was performed to determine the following parameters: glucose (Glu), free fatty acids (FFA) and T-Cho for evaluation of energy metabolism and total protein (TP), serum albumin (Alb), albumin/globulin ratio (A/G) and BUN for protein metabolism (measured on a Labospect 7080 autoanalyzer; Hitachi, Tokyo, Japan). In the present study, only the cows whose blood samples were collected at both prepartum (between 60 and 20 days before parturition) and postpartum (between 30 and 90 days after parturition) were selected for data analysis of Herds 2, 3 and 4, because the nutritional condition of breeding cattle during both prepartum and postpartum may have marked effects on the duration of the postpartum interval from calving to first estrus [10] .
To assess energy balance, the mean body condition score (BCS) of the herd on a scale of 1 (too thin) to 5 (obese) was also determined by 2 skilled veterinarians [5] .
Nutritional evaluation. At the time of blood sampling, roughage samples foraged by each herd as well as any fed concentrates were collected for nutritional evaluation of the selected herds. The nutrient compositions of the roughage were measured according to our previous report by nearinfrared reflecting spectroscopy (NIRS6500; Nireco Corporation, Tokyo, Japan) [21] , which was verified according to the Japanese Feeding Standard [1] , and nutrient ingredients in the roughage were calculated as dry matter (DM), total digestible nutrients (TDN) and CP.
Dietary recommendations for the herds based on the biochemical and nutritional analyses and repeat blood tests.
On the basis of the biochemical analyses and nutritional evaluation of the dietary feeds of the 4 herds, dietary remedial measures aimed at improving both energy and protein intakes were implemented according to our previous report [21] . Briefly, the herd owners were advised to modify the feed composition by supplementing the diet with bean cake (0.6 kg).
Several months after this dietary remedial measure was introduced, the serum biochemical parameters and reproductive performance of the herds were reexamined as described above. Again, only the blood samples collected during the prepartal and postpartal stages were selected for the evaluation of serum biochemical parameters. Additionally, reproductive performance, such as the frequency of clinical treatments for reproductive disorders and open days, of the selected herds before and after the introduction of the remedial measure was evaluated.
Experiment 2-Evaluation of the metabolic profile of breeding herds according to location in our practice jurisdiction: Japanese Black breeding herds and cows. A total of 37 private Japanese Black breeding herds under the jurisdiction of Soo Veterinary Clinical Center, Soo Agriculture Mutual Aid Association, Kagoshima Prefecture, Japan, were identified for this study. Cows included in this study were of different ages and in different states of the reproductive cycle without any visible signs of clinical disease. All cows were housed indoors and fed roughage collected from the home pastureland and supplementary concentrate purchased from various feed companies; however, feeding and management varied among herds. The herds were grouped into 3 categories (Area 1, Kanoya City; Area 2, Soo City; and Area 3, Shibushi City) according to the soil characteristics and the geographic location of the property within our jurisdiction (Fig. 1) . Briefly, the pasturelands for cattle herds in Area 1 were cultivated lands for growing crops on which roughages were grown after harvesting, while the pasturelands of herds in Areas 2 and 3 were used only for growing roughages; thus, the pasturelands in Area 1 were considered well-managed fertilized soil (with the use of both compost and slack or dolomitic lime) compared with pasturelands of Areas 2 and 3 (with the use of compost only).
Blood collection, metabolic profile parameters, and data analytical methods. According to the request of the herd owners, blood collections were scheduled to incorporate all seasons from October 2010 through December 2011. Blood samples were collected from the jugular vein in plain vacuum tubes as described above. Serum was separated from the blood within 2 hr after collection and stored in a refrigerator until processing. The following biochemical parameters were determined: Glu, FFA and T-Cho for evaluation of energy metabolism; TP, Alb, AG and BUN for protein metabolism; and serum aspartate aminotransferase (AST) and γ-glutamyltransferase (GGT) for liver function (measured on a Labospect 7080 autoanalyzer; Hitachi). For the same reason as described above, cows whose blood samples were collected at both prepartum (between 60 and 20 days before calving) and postpartum (between 30 and 90 days after calving) were selected for evaluation of the metabolic status of each herd by using the results of serum biochemical analysis.
Additionally, reproductive performance data were obtained from each herd record at the same time as blood sampling; data included postpartum open days during the postpartal period to the time of pregnancy confirmation in individual cows. BCS of each cow was also determined to assess energy balance at the time of blood sampling of the herd.
Statistical analysis. The results of serum biochemical analysis, open days postpartum, and frequency of clinical treatments before and after implementation of the dietary remedial measure were compared using the Student's t test and Chi-square test. The results obtained for each herd are expressed as the mean ± SD. The results of serum biochemical analysis collected both in the prepartal and in the postpartal periods were compared among sampling areas by ANOVA using the General Linear Model function of SAS. P values less than 0.05 were considered to indicate a statistically significant difference, while P values less than 0.1 were considered to indicate a significant tendency.
RESULTS
Experiment 1-Body condition score, serum biochemical analysis and reproductive performance before and after dietary supplementation in each herd:
Four herds from the same area were selected for this evaluation, including 1 herd with excellent reproductive performance (Herd 1: No. of breeding cows, n=55) and 3 herds as experimental herds (Herd 2, n=21; Herd 3, n=115; and Herd 4, n=20), according to baseline metabolic profiles. The compositions of feeds provided to the 4 herds both before and after dietary supplementation are shown in Table 1 , and the results of serum biochemical analysis and reproductive performance in each herd before and after dietary supplementation are shown in Table 2 .
The results of biochemical analyses of Herd 1, the representative excellent herd, were all within the normal ranges, with a BUN value of 18.7 mg/dl. The open days postpartum was 47.2, and the number of treatments for reproductive disorders during the postpartum period was only 1 in the herd of 6 cows. The mean BCS of Herd 1 was 3.0-3.5; further, the mean BCS at the second blood sampling was statistically comparable to that at the first blood sampling in the 3 experimental herds (approximately 3.0-3.5 for both).
In Herd 2, BUN concentration was significantly increased after dietary supplementation (before, 8.6 mg/dl; after, 12.5 mg/dl), but no significant differences were observed in the other serum biochemical parameters. The reproductive performance of Herd 2 was significantly improved; the number of open days postpartum following the dietary remedial measure (57.9 days) was significantly decreased compared with that observed before the introduction of the dietary remedial measure (73.5 days). Additionally, the frequency of treatments for reproductive failures following the dietary remedial measure (3 times per 14 postpartum cows) tended to decrease significantly (P=0.053) compared with that before the introduction of the dietary remedial measure (8 times per 14 cows). In Herd 3, regarding the parameters for protein metabolism, significant increases were observed in Alb (before, 3.3 mg/dl; after, 3.5 mg/dl) and BUN (before, 10.6 mg/dl; after, 13.6 mg/dl) and regarding the parameters for energy metabolism, significant increases were observed in T-Cho (before, 100.8 mg/dl; after, 145.1 mg/dl) and Glu (before, 49.3 mg/dl; after, 61.3 mg/dl), and a significant decrease was observed in FFA (before, 232.4 µEq/l; after, 64.3 µEq/l). Although no significant differences were found, the reproductive performance of Herd 3 was improved; the open days postpartum following the dietary remedial measure (64.0 days) was decreased compared with that observed before the introduction of the dietary remedial measure (76.2 days). Additionally, the frequency of treatments for reproductive failures following the dietary remedial measure (1 time per 8 postpartum cows) tended to decrease significantly (P=0.06) compared with that before the introduction of the dietary remedial measure (5 times per 9 cows).
In Herd 4, regarding the parameters for protein metabolism, significant decreases were observed in TP (before, 7.7 mg/dl; after, 7.3 mg/dl) and Alb (before, 3.6 mg/dl; after, 3.4 mg/dl), and a significant increase was observed in BUN (before, 6.5 mg/dl; after, 9.8 mg/dl) after remedy supplementation. Regarding the parameters for energy metabolism, a significant increase was observed in FFA (before, 73.1 µEq/l; after, 114.4 µEq/l), but T-Cho (before, 138.2 mg/dl; after, 111.1 mg/dl) was significantly decreased after supplementation. The reproductive performance of Herd 4 was significantly improved; the open days postpartum following the dietary remedial measure (77.3 days) was significantly decreased compared with that observed before the introduction of the dietary remedial measure (122.5 days). Additionally, the frequency of treatments for reproductive failures following the dietary remedial measure (2 times per 13 postpartum 7.0 ± 0.3 7.9 ± 0.9 7.7 ± 0.6 7.4 ± 0. cows) was reduced without significance compared with that before the introduction of the dietary remedial measure (4 times per 13 cows).
Experiment 2-Serum biochemical analysis and open days postpartum of cattle herds derived from 3 different regions:
Data from the cows whose samples were collected at prepartum. The results of serum biochemical analyses derived from cattle herds in the 3 regions whose samples were collected at prepartum are shown in Table 3 Data from the cows whose samples were collected at postpartum. The results of serum biochemical analyses derived from cattle herds in the 3 regions whose samples were collected at postpartum are in Table 4 
DISCUSSION
Results of the present study suggest that (1) nutritional supplementation (mainly bean cake in the present study) based on the results of the MPT might help to improve the reproductive performance of breeding herds with energy/CP deficiency compared with excellently managed herds in our jurisdiction and (2) nutritional metabolic profile parameters differ according to area in breeding cows in our jurisdiction.
In the present study, we investigated the usefulness of the MPT to enhance reproductive performance. It has been reported that prepartal and postpartal nutritional levels are the most important factors for decreasing the interval between parturition and first ovulation [3, 16] , and weight gain and body condition during these periods are extremely important to decrease postpartum anestrus in beef cattle [3, 8] .
The results of the present study comprising 3 herds (Herds 2, 3 and 4), in which we evaluated the MPT results before and after dietary supplementation, clearly indicated the shortening of the postpartal open-day period in each herd, concomitant with not only increased BUN concentration but also decreased FFA concentration, except for Herd 4, which probably reflected an upturn of adequate protein intake and positive energy balance of the cows. Additionally, improved reproductive performance with decreased treatments for reproductive failure was observed in the present study, even though calving intervals were less than 1 year before the dietary remedy was implemented in all the experimental herds. Although hormonal treatments for reproductive failure of cattle are important tools to control breeding or remedy reproductive failure and proper use of hormones does not have any known negative effect on animal welfare or public health to date, it must be emphasized that animal health and fertility should be improved by good management rather than by extensive use of hormones [14] . Therefore, on the basis of the results from the albeit limited number of herds together with our previous report [21] , we concluded that metabolic profile examination for detecting subclinical metabolic failure of breeding herds together with appropriate nutritional supplementation is an effective and essential tool for on-farm breeding cattle herds.
Although reports exist regarding the application of examination of metabolic profiles for Japanese Black breeding cattle [9, 22] , most of the studies were conducted in intensive herds or under experimental controlled feeding management conditions, and therefore, might not be representative of commercial beef herds reared under various feeding and grazing management systems, especially in Japanese Black breeding cattle herds fed home-pasture roughage. We previously reported one Japanese Black breeding herd, in which all cows exhibited abnormal BUN concentrations (mean, 2.2 mg/dl; range, 1.6-4.0 mg/dl), and indicated that the routine examination of metabolic profiles in breeding cattle herds, especially those fed roughage from their home pastureland, might be a useful tool for identifying subclinical metabolic failure in the herd. Additionally, we suggested that poor reproductive performance of the breeding herd is caused by inadequate nutritional content of the roughage arising from the conditions relating to a particular soil type of the pastureland [21] . BUN has been shown to be a sensitive indicator of the balance between amount and availability of digestible CP and energy fed to ruminants [4] , and BUN helps measure efficiency of protein utilization [6, 7] . On the other hand, some studies have reported a negative effect of high BUN on fertility in beef cattle, while others have indicated reduced conception risks when milk urea nitrogen was either very low or very high in dairy cattle [2, 12] . Although we did not examine both roughage and soil conditions of the pastureland of each herd in this study, biochemical analyses from breeding herds in our jurisdiction may reflect regional differences of protein/energy metabolism of each cattle herd possibly due to nutritional differences of the roughage harvested from the home pasturelands. Additionally, although the herds from all 3 areas included cows with abnormally low BUN and Glu levels, approximately half of the examined herds in Area 2 included cows with abnormally low BUN (<6 mg/dl) and Glu (<45 mg/dl). Therefore, the present study also indicates the practical usefulness of our MPT during both the prepartal and the postpartal periods to detect herds with subclinical metabolic problems. Further epidemiological investigation for clarifying the relationship among the serum metabolic profile, nutritional content of the fed roughage, and soil quality according to the geographic area of our jurisdiction in the Osumi Peninsula in Kyushu, Japan, is warranted.
In conclusion, the results of our field investigation confirmed that the routine examination of metabolic profiles, especially BUN, of breeding cattle herds particularly fed on roughage from home pastureland, is a useful tool for determining subclinical metabolic disorders of the cattle herd with normal BCS under saturated feed volume conditions. Additionally, it was strongly suggested that the occurrence of poor/unsatisfactory reproductive performance of the beef breeding cattle herd might be due to inadequate nutritional content of the diet, possibly arising from regional differences of pastureland conditions; thus, appropriate feeding management based on objective evaluation of the dietary feeds, especially the roughage from home pastureland, may improve reproductive performance of the breeding cattle herds in our jurisdiction.
